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ackground: Salinity stress negatively affects the growth and yield of plants. Due to the increasing 
demand for products derived from medicinal plants and with regard to the growing problems 
caused by salinity of arable lands, the use of salt-tolerant species can be a strategic approach to 
cope with this problem. The aim of the present study was to evaluate the effect of salinity stress 
on germination and seedling growth of three medicinal plant species. 
Methods: Seeds of three species of medicinal herbs including isabgol (Plantago ovata L.), zucchini 
(Cucurbita pepo L.) and clove (Caryophyllus aromaticus L.) were exposed to different concentrations (0, 
10, 20, 30 and 40 dS·m-1) of sodium chloride (NaCl). 
Results: It was observed that, except for zucchini, germination was inhibited at higher salinity regimes. 
NaCl treatment caused a serious decrease in the early seedling growth by means of reduced root and shoot 
length at higher salinity levels. Regression analysis of studied indices over salinity levels revealed that the 
highest and lowest slopes of regression lines belonged to isabgol and zucchini, respectively indicating high 
tolerance of zucchini and also, high sensitivity of isabgol to the imposed salinity levels. 
Conclusions: Based on the findings, zucchini was able to germinate more than 90% at 40 dS·m-1 of NaCl. 
Therefore, zucchini is suggested to be cultivated in farmlands which are relatively faced with the problem 
of soil salinity while, it is recommend that isabgol and clove not to be planted in such soils. 
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Introduction  
All cultures, from ancient time to the present, have used 
plants as a source of medicine. According to the World 
Health Organization (WHO), most of the world’s 
population depends upon plants as an important 
element in primary health care system [1, 2]. 
Natural products are a source for novel antibiotics. In 
the area of cancer, from around the 1940s to date, 47% 
of the antibiotics used have been actually either natural 
products or directly derived therefrom. In other areas, 
the influence of natural product structures is quite 
marked, with the anti-infective area being dependent on 
natural products and their structures [3]. 
Isabgol (Plantago ovata), has been used as a dietary 
fiber supplement, bulk-forming laxative. During the last 
decade, dietary supplementation with Isabgol has been 
shown to lower blood cholesterol level (especially LDL 
cholesterol) and to maintain blood glucose homeostasis, 
which together is the most effective preventive measures 
against diabetes and cardiovascular disease [4].  
Zucchini (Cucurbita pepo), is a widely used food and 
an important component of folk medicine around the 
world. Extracts and metabolites of this plant, 
particularly those from seeds and fruits possess useful 
pharmacological activities. C. pepo, is mainly known for 
its improvement in prostatic hyperplasia, urinary 
dysfunction and cytotoxic properties, also it has been 
used extensively as a hypoglycemic agent. Many 
pharmacological studies have demonstrated 
hepatoprotection, inhibition of benign prostatic 
hyperplasia, antioxidant, anticancer, antimicrobial, 
anti-inflammatory, antidiabetic, and antiulcer activities 
supporting its traditional uses [5]. 
Clove (Caryophyllus aromaticus L.), has been widely 
used in the flavoring industries, fragrance and 
cosmetics. Clove extract (CE) is isolated from the buds 
of clove and is not harmful when consumed in food 
products. Radha Krishnan et al. [6] reported that the 
addition of CE could effectively inhibit microbial 
growth, decrease lipid oxidation, maintain or improve 
sensory attributes and extend the shelf-life of raw 
chicken meat during refrigerated storage. The natural 
extracts from clove applied to raw pork could help to 
reduce the total bacterial count and retard lipid 
oxidation during storage at ambient temperature for up 
to 9 days. Therefore, CE exhibited the most effective 
antibacterial and the highest antioxidant activity. 
Abiotic stresses, such as salinity, always limits the 
growth, distribution and production of plants. 
According to a recent estimate, 1128 million ha of global 
land is affected by salinity and sodicity [7, 8]. Due to 
high evapotranspiration and low rainfall, the majority 
areas of Iran has been classified as arid and semi-arid. 
According to statistics released by the Ministry of 
Agriculture, total area of saline soils of Iran is estimated 
to be about 44 million hectares which is about 30% of 
plains and more than 50% of the country's irrigated 
lands. Considering that salinity is a stable stress, plants 
will be permanently exposed to it during their growth 
period. Seed germination “as the most important stage 
of plant growth” is also affected by salinity. Increased 
Na+ uptake in plants under salinity disturbs those 
metabolic processes that require low Na+ and high K+, 
Ca2+ or both for normal functioning [8]. 
The growing use of medicinal plants has led to the 
increase of their cultivation area. Thus, study of their 
tolerance to adverse environmental conditions, such as 
salinity of soil and/or irrigation water is necessary 
because it leads to a greater level use of lands that are 
somewhat faced with problems caused by salinity. 
Studies have shown that salinity has a negative effect on 
germination characteristics of some herbs [9]. However, 
investigations are still needed to understand the 
germination of Isabgol, Zucchini and Clove under saline 
stress conditions. 
The purpose of this experiment was to evaluate the 
effects of salinity stress on germination indices of three 
medicinal plants; Isabgol, Zucchini and Clove.  
Methods 
The experiment was conducted in 2015 at Shahed 
University in the form of factorial based on completely 
randomized design with three replications. Studied 
factors were: A) three species of medicinal plants 
including: Isabgol (Plantago ovata), Zucchini 
(Cucurbita pepo) and Clove (Caryophyllus aromaticus 
L.) and B) applying salinity stress using NaCl at five 
concentrations of 0 (Control), 10, 20, 30 and 40 dS·m-1. 
Seeds needed for the experiments were obtained from 
Medicinal Plant Research Center of Shahed University, 
Tehran, Iran. First, the seeds were disinfected with 
sodium hypochlorite 10% for 3 minutes. Seeds were then 
rinsed with distilled water. Afterward, the number of 50 
seeds from each plant species were sown on a sterilized 
Whatman paper in each petri dish and were exposed to 
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five levels of salinity stress as explained above. Petri 
dishes were stored at room temperature (20-25°C). 
From the second day and at a specified time, the number 
of germinated seeds was daily counted for 14 days. 
According to International Seed Testing Association 
[10], seeds with a root length greater than 2mm were 
considered as germinated. After 14 days, shoot length 
(SL) and root length (RL) were measured. 
Calculated germination indices  
Germination percentage was calculated according to  
Ranal et al. [11]. Also, SVI was calculated by the formula 
proposed by Abdul- Baki and Anderson [12] as follows: 
ܸܵܫ௜௝ = ܵܯܮ௜௝ × ܩܲ%௜௝  
Where, SVI is the seed vigor index, SML is the seedling 
mean length in cm (root + shoot), and GP is the 
germination percentage for plant species i at salinity 
level of j. Mean comparisons were carried out with 
Duncan method at the significance level of 0.05 by using 
the SAS statistical software (SAS 2002). Regression 
illustrations have been drawn using Microsoft Excel 
2013. 
Results 
Germination percentage 
Table 1 shows the mean germination percentage of the 
three studied herb species exposed to salinity stress 
treatment. According to the results, zucchini showed a 
high and stable value of GP and as a result, a very high 
resistance to salinity stress at all treatment levels, as 
compared with clove and isabgol. No remarkable 
decrease was found for zucchini’s GP even at 40 dS·m-1 
of salinity level. On the other hand, a severe decrease was 
observed for isabgol’s GP, concurrent with increase in 
the intensity of the salinity stress. The germination 
percent of isabgol at control and 40 dS·m-1 of salinity 
were 99.23 and 1.47%, respectively showing a significant 
decrease. As shown in Table 1, response of clove to 
salinity stress was at intermediate level among the two 
other studied plants. The germination percent of clove 
at control, 10, 20, 30 and 40 dS·m-1 of salinity were 100, 
75, 55.67, 47.67 and 34.67%, respectively. Results of the 
regression analysis for GP as dependent variable, and 
salinity stress levels as independent variable showed that 
the slope of the regression line for clove, isabgol and 
zucchini were -1.58, -2.35 and -0.13, respectively (Figure 
1). Therefore, isabgol and zucchini had the highest and 
lowest slopes, respectively suggesting the high tolerance 
of zucchini and at the same time, the high sensitivity of 
isabgol to the imposed salinity levels (Figure 1). 
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Figure 1: Regression analysis of germination percentage and Seed 
vigor index over salinity (predictor variable: NaCl concentration, 
dS·m-1) among three medicinal plant species. 
Seed vigor index 
The averages of seed vigor index of the three studied 
herb species under the impact of salinity stress have been 
presented in Table 1. According to this Table, increase 
of stress severity led to the dramatic reduction of SVI for 
clove and isabgol while, the pattern of reduction in SVI 
for zucchini was found to be different. Seed vigor index 
for zucchini at concentrations of control, 10, 20, 30 and 
40 dS·m-1 were 11.12, 3.98, 3.52, 2.22 and 1.63, 
respectively (Table 1). 
In fact, similar to the results obtained for GP, here 
again, the SVI was reduced with a more lenient slop than 
isabgol and clove. Results of the regression analysis for 
SVI, where salinity stress level was considered as 
independent variable, showed that the slope of the 
regression line for clove, isabgol and zucchini were -
0.61, -0.64 and -0.21, respectively  (Figure 1). Therefore, 
here again, isabgol and zucchini had the highest and 
lowest slopes, respectively suggesting the high tolerance 
of zucchini and at the same time, the high sensitivity of 
isabgol to the imposed salinity stress levels (Figure 1). 
Growing indices 
Growing indices including root and shoot length were 
also measured and reported in Table 1. According to this 
table, for all the three studied medicinal plants, the 
 
 Plant Salinity 
(dS·m-1) 
Germination 
Percentage 
Seed 
vigor index 
Root length 
(mm) 
Shoot length 
(mm) 
Isabgol 0 99.23±0.77a 29.68±2.33a 92.4±13.61a 206.33±7.69a 
 10 54.73±9.1c 4.83±1.21cd 23.83±2.8cd 61.33±7.75b 
 20 26.64±5.6ef 0.54±0.23fg 6.33±1.59ef 11.67±4.1cde 
 30 15.5±4.64fg 0.35±0.18fg 4.67±0.33ef 3.33±0.88de 
 40 1.47±1.47g 0.001±0 g 0.33±0.33f 0±0e 
Zucchini 0 100±0a 11.12±1.59b 52±10.28b 59.17±5.95 b 
 10 100±0a 3.98±0.43cde 18.5±1.61de 21.33±2.68cd 
 20 100±0a 3.52±0.22cdef 14.67±0.93def 20.5±2.93cd 
 30 100±0a 2.22±0.13defg 5±0ef 17.17±1.3cde 
 40 93.33±3.33a 1.63±0.21defg 4.67±0.17ef 12.67±1.64cde 
Clove 0 100±0 a 29.307±0.49 a 99.73±0.72a 193.33±4.23a 
 10 75±7.64 b 6.446±0.93 c 37.5±3.82c 48.33±8.82b 
 20 55.67±9.68c 4.592±1.96 cd 27.83±4.84cd 48.17±15.17b 
 30 47.67±6.49cd 2.36±0.64defg 23.83±3.24cd 23.83±3.24c 
 40 34.67±5.36de 0.92±0.23efg 17.33±2.68de 8.33±0.88cde 
 
L.S.D. 
(0.05) 
14.394 1.42 14.17 17.16 
 
 
 
pattern of variation due to salinity observed for root and 
shoot length showed a downward trend. For example, 
the average of root length recorded for isabgol at 0 and 
40 dS·m-1 of salinity was 92.4 and 0.33 mm, respectively. 
Similarly, the root length was 52 and 4.67 mm for 
zucchini and 99.73 and 17.33 mm for clove at 0 and 40 
dS·m-1 of salinity, respectively. Moreover, the estimated 
regression coefficients for root length where salinity 
stress levels was considered as predictor variable, 
showed that the slopes of the regression lines for clove, 
isabgol and zucchini were -1.78, -2.03 and -1.08, 
respectively. Therefore, similar to the results obtained 
for GP, the highest and lowest regression slopes 
belonged to zucchini and isabgol, respectively indicating 
high tolerance of zucchini and at the same time high 
sensitivity of isabgol to the imposed salinity stress levels 
(Figure 2). 
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Table 1: Mean comparisons of studied germination and germination indices in 3 medicinal plants 
species under salinity (NaCl) stress treatments using Duncan method (α=0.05). (Means with 
similar letters are not statistically significant). 
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Figure 2: Regression analysis for root length and shoot length over 
salinity (predictor variable: NaCl concentration, dS·m-1) among three 
medicinal plant species. 
In this study, the response of shoot length to the 
imposed salinity stress levels was very similar to that of 
observed for root length (Table 1). Here again, a 
decreasing pattern was observed under salinity stress. 
The slope of regression lines estimated for shoot length, 
where salinity stress level was considered as predictor 
variable were -3.95, -4.71 and -0.97 for clove, isabgol and 
zucchini, respectively. According to the results, except 
for zucchini, the regression slopes calculated for shoot 
length was greater than those slopes that were estimated 
for root length for two other medicinal plants under 
study. Thus, stem length was more affected by salinity as 
compared to root length for clove and isabgol. However, 
zucchini showed a reverse trend with reference to 
greater slope of the regression line, calculated for root 
length (-1.08) than shoot length (-0.97). 
Discussion  
Among one of the main environmental factors, salinity 
adversely affects the growth and yield of plants. Due to 
the increasing demand for medicinal plants and with 
regard to the cultivation problem due to salinity of 
arable lands, the use of salt-tolerant species can be a 
strategic approach to deal with this problem. Resistance 
at germination stage is of the most important aspects of 
salt tolerance. Hence, in this study, salt tolerance of 3 
medicinal species was evaluated in the presence of five 
different concentrations of NaCl solution at seed 
germination stage.  
Recent studies on the heritability of salt tolerance have 
shown that salt tolerance is mainly controlled by genetic 
effects and thus the majority of the phenotypic variation 
observed for this trait is due to genetic effects. Also, 
narrow-sense heritability of salt tolerance indicated that 
the majority of the phenotypic variation is mainly due to 
additive gene effects [13]. Therefore, study of different 
plant species in order to find sources of salt resistance is 
important because, as mentioned above, due to high 
heritability of salinity resistance, they can be used to 
breed commercial cultivars through the transferring of 
genes responsible for resistance. Besides, the availability 
of sufficient information regarding the salinity of arable 
lands and resistant/tolerant plant species, it can help us 
to scientifically deal with the phenomenon of salinity of 
arable lands. 
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Results of the present study showed that the response 
to salinity stress at germination stage was variable 
among the three studied medicinal plants. As mentioned 
by Prado et al. [14] the sensitivity of plants to salinity 
depends on plant species and their developmental stage. 
The decrease in GP under salt stress condition may be 
due to the fact that seeds seemingly develop an 
osmotically enforced dormancy under water-stress 
conditions. This may be an adaptive strategy of seeds to 
prevent germination in stressful environments, thereby 
ensuring the proper establishment of seedlings [15, 16]. 
 It has been reported that at high salinities, the 
adaptation of plants to saline environments relies on salt 
tolerance or salt-avoidance mechanisms [17]. Typical 
salt tolerance strategies are reflected by high 
germination percentages and/or germination rates 
under high salinities [18]. Therefore, in this study, the 
studied species can be divided into three categories in 
terms of resistance to salinity as: i) marginally tolerant 
(able to germinate more than 50% at 10 dS·m-1 NaCl, 
isabgol) ii) moderately tolerant (able to germinate more 
than 50% at 20 dS·m-1 NaCl, clove) and highly tolerant 
(able to germinate more than 50% at 40 dS·m-1 NaCl, 
zucchini). 
In this study, root length under salinity stress was 
significantly decreased as compared with control 
treatment. This implied that salt stress remarkably 
inhibited root development showing inhibition in root 
cell proliferation. As shown by Long et al. [19], there are 
some mechanisms in this regard such as: (1) High 
concentrations of NaCl in the environment led to the 
decrease in water potential. Consequently, plant cells 
faced some difficulties to absorb external water. 
Although the expression of some genes involved in the 
proline synthesis pathway, such as Pyrroline-5-
carboxylate synthase, could balance the water potential 
inside and outside the cells however, this change could 
not help cells absorb enough water to perform related 
substrate synthesis for cell development. Thus, root 
development was decreased [19]. (2) Salt stress induces 
reactive oxygen species (ROS), which leads to secondary 
oxidation stress, disturbs cellular redox homeostasis, 
and damages cell components and structures [20]. 
Under salinity stress, high amount of ROS generated in 
root cells might have damaged the existing active cells, 
which had a negative effect on cell proliferation. (3) 
Salinity stress negatively affects cell wall reconstruction 
and re-synthesis, which would interfere with roots cell 
expansion and division [19]. Similar to root length, stem 
length was also significantly reduced under salt stress. It 
seems that similar to root length, the osmotic differences 
were the main cause of such phenomenon. 
In conclusion, results of the present study revealed 
that isabgol and zucchini had the highest and lowest 
tolerance to the imposed salinity levels, respectively. 
Based on the findings, zucchini was able to germinate 
more than 90% at 40 dS·m-1 of NaCl. Therefore, 
cultivation of zucchini is suggested for farmlands which 
have the problem of soil salinity. Although different 
many researchers have had developed diverse technique, 
e.g. transgenic, to improve various traits of field crops 
[21-28] but results of this kind of work can surely be 
useful as a strategy to deal with the problem of soil 
salinity and/or irrigation water. 
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